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Abstract 
 
The purpose of this study was to determine what collaborative interventions produce positive 
effects for students working on collaborative robotics projects for science process skills, 
collaborative problem solving, and learning motivation. In addition, the study examined the 
impact students’ prior robotics experience had on science process skills, collaborative problem 
solving, and learning motivation. The results indicated experience level and collaboration 
interventions can have impacts on students. Assigned Group Roles had positive effects on 
students’ motivation and collaborative problem solving.  Experience level also had effects upon 
student learning motivation and collaborative problem solving with the Novice status associated 
with higher levels as compared with students who had more experience. A collaboration 
intervention was identified that has the potential to produce positive effects for students in 
collaborative robotics projects as well as assist classroom educators in the purposeful design of 
collaborative robotics projects with scientifically based strategies to improve the attitudinal 
outcomes for students of various robotics experience. 
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Introduction 
 
Robotics have been used for educational purposes since the 1980s (Bers, 2010; Castledine & Chalmers, 1993; 
Chambers, Carbonaro, Rex, & Grove, 2007; Papert, 1993).  Educational robotics provides a fun and developmentally 
appropriate way to teach technology and engineering to students of all ages (Bers, 2010; Slangen, Keulen, & 
Gravemeijer, 2010; Sullivan & Bers, 2016).  A variety of content areas, as well as social skills, can also be taught 
using educational robotics (Eguchi, 2012; Grandgenett, Ostler, Topp, & Goeman, 2012; Hwang & Wu, 2014; Sullivan 
& Bers, 2016). Typical goals for these learning tools include; generating student interest in technology through robotic 
activities or lessons and engaging students in learning while teaching difficult or abstract concepts through non-
traditional methods (Eguchi, 2012).  Learning with robotics can facilitate student collaboration, problem solving, and 
critical thinking (Jordan & McDaniel, 2014; Mills, Chandra, & Park, 2013).  Furthermore, robotics instruction can 
reflect real world research where complex problems are solved in collaboration with others (Karahoca, Karahoca, & 
Uzunboylub, 2011; Mills et al., 2013; Papert, 1993; Robinson, 2005).  The potential benefits for educational robots 
move beyond classroom academics if students are able to develop real world problem solving skills (Mills et al., 2013; 
Papert, 1993; Sullivan, 2008).  This allows them to make connections between abstract content areas through concrete 
hands-on robotics, negotiate and interact in collaborative problem solving environments, and develop skills that 
benefit them in a variety of real world situations, all within the educational setting (Mills et al., 2013; Papert, 1993; 
Sullivan, 2008).  Collaborative robotics projects have the potential to use robotics as an educational tool that combines 
hands-on learning in a collaborative environment and provides the opportunity for students to develop learning 
motivation, collaborative problem solving, and scientific process skills. 
 
While it is common for students working with robotics to have challenges with programming and the mechanics 
(Ucgul & Cagiltay, 2014), lack of successful collaboration may limit beneficial learning outcomes and motivational 
benefits from the robotics projects.  Difficulties with sharing ideas and equally dividing the workload during the hands-
on experience seem to limit the potential for positive benefits for students.  In addition, different ability and experience 
levels can make it challenging to comfortably share ideas within a group. However, for educational purposes, 
collaborative robotics projects can be used to build the skills of each student in all areas of the project, designing, 
building, and programming whether it is an existing strength or not. The collaborative environment is a necessity in  
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robotics instruction due to available resources in the engineering lab and are even recommended for group work 
(Eguchi, 2012; Mills et al., 2013; Yuen et al., 2014). Nevertheless, it seems group collaboration sometimes leaves 
students with fewer participation opportunities, less learning motivation, or with a less than enjoyable experience. 
 
Learning motivation during collaborative projects may vary depending upon the group and its collaborative success.  
Past experiences in the elementary engineering lab indicated that groups that struggle to work collaboratively seem to 
have a more negative view of collaborative projects. Students may have not felt as though their ideas were listened to, 
or may have not had an opportunity to work on an area of the project that interested them. Perhaps collaboration 
strategies can be implemented that would promote a more productive collaboration process to aid students in achieving 
learning objectives and increasing benefits from the collaborative nature of robotics instruction.  Eguchi (2012) notes 
the introduction of robots alone cannot influence students’ minds or directly influence their learning; therefore, 
changes have to be made in the learning environment to support the collaborative robotics projects. 
 
The goal of this study was to implement collaborative instructional strategies, interventions for supporting group work 
to improve student learning motivation, collaborative problem solving, and science process skills, when designing, 
building, and programming robotics solutions. While motivation is a complex construct, for the purpose of this study, 
learning motivation was defined as motivation for students to take an active role in and a responsibility for their own 
learning (Petre & Price, 2004). This may also include developing an interest in a subject area that previously had been 
of little or no interest. Collaborative problem solving was defined as activities identifying problems and developing 
solutions through testing, improving, and using the collective ideas of a group (Barak & Zadok, 2007). Science process 
skills are defined as a set of skills used to systematically identify and answer scientific questions (Benitti, 2012). 
Experience levels were defined as novice level having no prior experience with collaborative robotics projects and 
experienced level having experienced at least one prior collaborative robotics project. Research questions in this study 
are below: 
When controlling for students’ pretest scores, what are the effects of collaboration interventions and prior student 
experience with collaborative robotics on students’: 
a) learning motivation 
b) problem solving 
c) science process skills 
 
Literature Review 
 
Learning Motivation in Robotics 
 
The hands-on nature and materials in the elementary engineering lab seem to provide sufficient motivation to some 
students (Petre & Price, 2004). However, researchers continually turn to instructional methods that involve a problem, 
meaningful units, and are cross-curricular in order to motivate and engage other students (Blumenfeld et al., 1991). 
Increases in student motivation are associated with constructivist and problem-based learning (Barak & Zadok, 2007; 
Bers, 2005; Eguchi, 2012, Papert, 1993; Somyürek, 2014).  Moreover, integrated robotics projects combine 
educational tools with experiential learning to promote an increase in student learning motivation for STEM (Science, 
Technology, Engineering, and Mathematics) subjects (Blanchard at al., 2010; Mohr-Schroeder et al., 2014; Petre & 
Price, 2004; Somyürek, 2014; Ucgul & Cagiltay, 2014). The role of facilitator becomes critical in robotics projects to 
help sustain student motivation and promote the desired higher level learning (Blumenfeld et al., 1991). When students 
have the necessary collaborative provisions in order to create a supportive classroom environment during robotics 
projects, the results can positively impact student learning motivation (Yuen et al., 2014). Student motivation 
contributes to successfully learning and retaining the content (Mohr-Schroeder et al., 2014). The use of robotics in the 
classroom has the potential to motivate students to learn, however, it must be noted that the introduction of robotics 
alone does not guarantee positive student impacts (Eguchi, 2012). Indeed, the teacher must shift to a new role and 
implement appropriate instructional practices in order to support the learning process, collaboration, and to promote 
the benefits of student learning and motivation (Blumenfeld et al., 1991; Yuen et al., 2014). 
 
With teachers taking on new roles as facilitators in the shifting learning environment, students are also asked to take 
on new roles as collaborators. The new roles allow students to take a more active role in their own knowledge 
development when participating in constructivist and problem-based learning, which increases motivation (Barker & 
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Ansorge, 2007; Blanchard et al., 2010; Chambers et al.,  2010; Hwang & Wu, 2014; Liu et al., 2010; Papert, 1993). 
Not only do students have the opportunity to be active learners, they also have the potential to positively impact student 
learning and motivation through peer collaboration (Blumenfeld et al., 1991; Eguchi, 2012; Robinson, 2005). Small 
group settings for robotics necessitates social and peer interaction. With scaffolding and direction for students on 
successful collaboration, robotics has the potential to promote quality social interactions which support successful 
collaboration and increase motivation (Denis & Hubert, 2001; Hwang & Wu, 2014). If the nature of robotics is not 
motivating enough for students, the collaborative nature of robotics projects, constructivist learning, and problem-
based learning may offer social interactions that support and maintain student motivation (Slangen et al., 2010; Yuen 
et al., 2014). The collaborative robotics projects in the elementary engineering lab integrate characteristics of 
constructivist and problem-based learning that have been shown to motivate student learning and engage students in 
the learning process. 
 
Collaborative Problem Solving in Robotics 
 
While there are opportunities in the elementary engineering lab to practice problem solving individually, the fourth 
and fifth grade robotics projects rely heavily on collaborative problem solving. Collaborative problem solving is 
defined by Mills et al. (2013) as a process where peers construct new knowledge together that neither of them had 
prior knowledge of before working together. By practicing collaborative problem solving in real world applications 
with peer and teacher support, students may improve their problem solving skills and possibly transfer learning across 
content areas (Jordan & McDaniel, 2014; Mills et al., 2014; Petre & Price, 2004). Research suggests that problem 
solving engages students in the learning process, as opposed to more passive learning, and is essential for developing 
real life skills (Eguchi, 2012, Jordan & McDaniels, 2014; Mills et al., 2013; Papert, 1993; Somyürek, 2014).  Utilizing 
the design process for identifying a problem and developing a robotic solution can increase students’ use of critical 
thinking and problem solving skills (Barak & Zadok, 2007; Barker & Ansorge, 2007; Castledine & Chalmers, 1993; 
Jordan & McDaniel, 2014).  In addition, researchers argue that acquiring problem solving and critical thinking skills 
is essential for students’ futures (Castledine & Chalmers, 1993). Nelson (2012) emphasized there is more than content 
preparation needed to implement robotics projects, some of which are less tangible.  If these less tangible preparations 
are addressed through the implementation of effective strategies, additional student benefits can be achieved with 
skills-transfer (Nelson, 2012). 
 
Understanding the characteristics of collaborative problem solving will assist in determining what scaffolds, less 
tangible preparations, would best support student learning. Since collaborative problem solving is a form of problem 
solving requiring peer interactions (Mills et al., 2013) students need to ask questions, gather information, and reflect 
on what they have learned in order to solve a problem (Somyürek, 2014). Though the process may seem simple 
enough, it requires complex skills (Somyürek, 2014). In fact, problem solving is a complex phenomenon that utilizes 
both conscious and unconscious processes as well as combinations of explicit knowledge and intuition (Barak & 
Zadok, 2007). However, the process can be simplified for students by breaking problem solving into a series of steps 
(Mills et al., 2013). Another potential support for collaborative problem solving is the use of language to promote the 
collaboration and the development of newly co-constructed knowledge (Mills et al., 2013). The potential benefits for 
collaborative robotics projects to facilitate groupwork, problem solving, and critical thinking may be supported 
through language scaffolds (Hwang & Wu, 2014; Mills et al., 2013). While collaborative problem solving may prove 
to be a challenge for students because of the complexities, experiences with collaborative problem solving allow 
students to develop group solutions to meet the common group goal (Denis & Hubert, 2001; Jordan & McDaniel, 
2014; Mills et al., 2013). However, the uncertainties of collaborative problem solving may also create barriers to 
students’ development of solutions (Jordan & McDaniels, 2014). Jordan and McDaniels (2014) determine that teacher 
and peer support is critical for managing the uncertainties of collaborative problem solving.  Students’ ability to reflect 
on and relate problem solving strategies in relation to real world contexts could boost confidence levels in the subject 
area (Castledine & Chalmers, 1993). Students may need the boost in confidence to feel comfortable sharing ideas and 
assisting with the project. 
 
The collaborative problem solving and the group work required with robotics projects may also make it more difficult 
to identify individual student progress. Teachers must closely monitor individual students, their understanding, and 
their performance in order to support successful projects (Eguchi, 2012). Papert (1993) identifies ways in which to 
guide student thinking, but cautions that problem solving cannot be as simple as memorizing a procedure, such as a 
math algorithm, because the variety of problems are always changing. In addition, Papert (1993) reminds us that 
students do not have to give up old methods to learn new ones.   Furthermore, structured thinking is powerful thinking 
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and is not a skill that all students develop when left to construct their own knowledge (Papert, 1993). The role of the 
teacher, as facilitator, then, is to develop the proper balance as well as organize the instructional plan to support the 
learning process. Providing students with the means to comfortably share and participate within the group can make 
collaborative problem solving a better experience for all involved. 
 
Science Process Skills in Robotics 
 
While instruction in the elementary engineering lab focuses on engineering, the use of cross-curricular instruction is 
also a priority in order to develop connections for the students between the general classroom and the engineering lab. 
Nelson (2012) identified the scientific method and engineering as primary rationales for STEM education and robotics 
integration. Fortunately, integration of science skills fits easily within engineering and robotics instruction (Eguchi, 
2012; Papert, 1993). For instance, robotics helps students master various concept areas, depending upon how the 
robotic instruction is developed.  As a result, multiple student benefits are possible by using robotics as cross-curricular 
activities (Eguchi, 2012). The structure of collaborative robotics projects and robotic materials provide an opportunity 
to focus student learning on engineering (Bers, 2005; Jordan & McDaniel, 2014; Petre & Price, 2001; Ringwood et 
al., 2005; Yuen et al., 2007). With the cross-curricular potential of robotics, the use of a collaborative robotics project 
can easily combine science and engineering in addition to creating connections between the elementary engineering 
lab and the general classroom. Research identified three main skills developed through the use of robotics; thinking 
skills, science process skills/problem-solving skills, and social interaction/groupwork skills (Benitti, 2012; Hwang & 
Wu, 2014; Mills et al., 2013; Ringwood et al., 2005; Slangen et al., 2010). These skills are applicable and valuable for 
engineering, science, and the general classroom setting. In addition to the identified three main skills, Benitti (2012) 
noted robotics activities required the use of thinking skills and scientific reasoning. Furthermore, Sullivan (2008) 
maintained that an appropriate open-ended instructional approach, in conjunction with the use of robotics promotes 
the use of thinking and science process skills, as well as increased systems understanding. 
 
Science requires students to use language as a component of critical thinking and is necessary in order to understand 
and identify solutions for problems (Mills et al., 2013). Sullivan (2008) suggests that the process of debugging a 
program is an ideal format for teaching science process skills. Students generate hypotheses about what would work 
in the program, test it, and receive immediate feedback. The feedback starts as an iterative cycle of observation, 
hypothesis generation, testing of the hypothesis, and evaluation of the solution (Sullivan, 2008). This is not only an 
appropriate format for teaching science process skills, but also emphasizes the real-world process scientists engage, 
while offering a different exposure to science, since typical classroom lessons do not have the iterative feedback loops 
(Sullivan, 2008). Sullivan (2008) makes clear connections between the scientific process and the engineering design 
process by arguing that students must control variables and change only one variable at a time. This is key in the use 
of the scientific method and science process skills. A study by Somyürek (2014) indicates that during robotics 
instruction, students learn by designing and programming robots to solve problems. They use scientific skills such as 
making predictions, generating a hypothesis, conducting experiments or tests, and presenting their results. Robotics 
provides a hands-on method for teaching critical thinking, science process skills, and support for learning abstract 
concepts (Eguchi, 2012; Papert, 1993; Slangen et al., 2010; Sullivan, 2008). Though the learning objectives for the 
collaborative robotics project may not connect specifically with science standards, implementation scaffolds and 
problem-based learning could assist the students in achieving similar beneficial learning outcomes. 
 
Prior Experience in Robotics 
 
Barak and Zadok’s (2007) comparison between expert and novice robotics problem solvers highlights the importance 
of experience level in effective design and problem solving.  While this is a factor that is out of the teacher’s control, 
it is an important factor to consider for structure of the instruction.  Although some differentiation was provided in the 
past in the elementary engineering lab, based upon experience level, it may not have been sufficient to promote student 
success in collaborative robotics projects. Eguchi (2012) contends that it is very important to provide inexperienced 
students with supports, and in fact, emphasized the essential teacher’s role as facilitator to support inexperienced 
students. Teachers should provide modeling, guiding, and project planning and assist with the necessary skills and 
thought processes for students to successfully complete robotics projects (Barak & Zadok, 2007; Eguchi, 2012). 
 
Each year the robotics project is slightly different in the elementary engineering lab with an emphasis on a different 
problem, i.e. landing or mars, solving community problems, or creating robots that can create art. Fourth grade students 
have not experienced a collaborative robotics group projct. They have worked with a partner in programming the 
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robot, but have not had to design, build, and program a working solution. Fifth grade students experienced 
collaborative robotics project as fourth graders.  The fifth grade students have more prior knowledge and experiences 
to draw upon in order to help them successfully complete their robotics projects. However, students new to the school 
as fifth graders may not have collaborative robotics experience. Therefore, novice level students have not completed 
a collaborative robotics project while experienced level students have completed at least one. With low turnover in 
the elementary grades, most groups had the same experience levels with only a few groups in fifth grade having 
students with mixed experience levels. Even groups with the same experience level would have had a variety of ability 
levels.  The past instructional practices and the design of the study may not provide enough support for the 
inexperienced students since they are receiving the same interventions as the fifth grade students and no other 
scaffolds. 
 
The lack of additional supports for inexperienced students may impact potential benefit for the fourth grade students 
in the study. According to Barak and Zadok (2007) students with varying experience levels tend to approach robotics 
problems from different perspectives.  Inexperienced students may have difficulty in describing problems, which can 
hamper the success of the group in developing solutions, while experienced students may be able to use collaborative 
techniques such as being able to re-describe or re-define problems (Barak & Zadok, 2007; Blanchard et al., 2010). If 
a description of the problem is an issue, robotics vocabulary instruction or modeling may be beneficial to 
inexperienced students to alleviate possible barriers to problem solving issues. Furthermore, modeling of appropriate 
discussion could provide support for inexperienced students to overcome any differences in perspectives. Another 
concern with the differences in experience levels is that novices may rely more on trial and error where experts use 
domain-specific strategies (Barak & Zadok, 2007; Papert, 1993). Blanchard et al. (2010) demonstrate that experienced 
students still may use trial and error, but may also use it more efficiently base upon their prior knowledge.  Experts 
are able to develop “chunks” of specialized knowledge that are transferable while novices tend to memorize small 
disconnected facts (Barak & Zadok, 2007). The expert use of knowledge may allow for shortcuts or efficiency in 
problem solving rather than having to follow a specific method from start to finish (Barak & Zadok, 2007; Blanchard 
et al., 2010).  It is recommended that students within a group have similar levels of expertise so that one group member 
is not an expert, and thereby supporting the co-construction of knowledge rather than expert to novice transmission of 
information, as in a teacher-directed situation (Barak & Zadok, 2007; Mills et al., 2013). The Mills et al. (2013) study 
also demonstrates that novices with no prior knowledge of building or programming a robot continue to improve their 
speed of problem solving. Can this increase in speed or success of problem solving be maintained at the experienced 
level?  Perhaps novice students require more support and scaffolds to develop a successful collaborative process and 
support the growth of all students in collaborative problem solving, learning motivation, and scientific process skills 
within the robotics project. 
 
Method 
 
Participants 
 
The participants in this study consist of fourth and fifth grade students of six classes at a school in Eagle, Idaho USA. 
Of the 91 fourth grade students and 88 fifth grade students the study started with, 42% were female and 58% were 
male.  They range in age from 8 to 11. They attended engineering for a one-hour class each week. The engineering 
teacher was also the primary researcher and had been teaching robotics in the elementary engineering classroom since 
2012. Fourth grade students have not experienced the robotics project in the elementary engineering lab.  Therefore, 
the fourth grade students were identified as the Novice in regards to completing a robotics project.  Fifth grade students 
who attended the school during the previous year have completed a similar project. Student groups within each 
classroom were established with random assignments. The number of groups with four student members totaled 33 
groups at the beginning of the study and 35 upon completion of the study. Group size consisted primarily of four 
students with a few groups of three. Prior to the start of the study, permission for the study was secured through the 
school district and IRB approval. IRB approval included an informed consent letter being sent home to all the parents 
of students involved in the study. The purpose of the study was shared with all the students emphasizing the process 
as a learning experience for the teacher/researcher rather than an assessment of the students. Identities of the students 
were also protected with a coded system that provided anonymity. 
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Robot Activities 
 
Each group did robotics activities with LEGO MINDSTORMS EV3. The Mindstorms robotics platform uses LEGO 
pieces for construction along with a brick for controlling the robot. Programming is completed using a drag-and-drop 
software. Students in fourth and fifth grade continued to work on their programming skills with a partner at the 
beginning of the school year, advancing to the sensors and more complex programming, to refresh and build upon 
their skills from the previous year of instruction before starting the collaborative robotics project. Student participants 
completed their collaborative robotics project over sixteen weeks for one hour each week.  The progression from basic 
programming to complex designs and builds followed Ucgul and Cagiltay’s (2014) recommendation that content be 
organized from simple to complex. The learning sequence provided the necessary experiences and prior knowledge 
for students to take on the more complex collaborative robotics projects which required students to design, build, and 
program a robotics solution. Collaborative robotics projects were designed to reinforce and assist with learning in the 
general classroom by targeting science, math, language, and engineering standards. The use of the robots promoted 
the cross-curricular aspect of STEM in real world practices. The use of the Engineering Notebooks and the 
presentation of their group solution to their peers reinforced language standards, promoted student reflection, and co-
construction of knowledge in group projects.  Engineering Notebooks are used for all projects in the elementary 
engineering classroom to record relevant information and progress notes. The process of identifying problems and 
developing solutions promoted science process skills and engineering practices. The collaborative robotics project 
required students to use what they have learned about robots and fostered the development of new knowledge in order 
to design, build, and program an original solution to a problem they identified based upon the criteria given.  Students 
had the option of using instructions to design the base of their robotic solutions, but were required to add an original 
working part or modifications. 
 
Interventions 
 
The first collaborative support used classroom discussions including establishing expectations and developing a safe 
environment for sharing ideas.  Additional supports were included throughout the project to reinforce the expectations 
and promote effective discussions both within the group and as a whole class.  Restating someone else’s thoughts, 
increasing wait time, partner talk, and encouraging many contributors were strategies used for the intervention, 
modeled after the classroom strategies in Classroom Discussions Using Math Talk to Help Children Learn (Chapin, 
O’Connor, & Canavan Anderson, 2012).  Whole class discussions provided the teacher time to model strategies and 
assist students in developing the strategies, with redirection if necessary.  The teacher also had the opportunity to 
monitor group discussions by visiting groups during the class time.  Checking in with each group allowed the teacher 
to assess how the group discussions were progressing and provided opportunities for additional modeling and 
redirecting within a small group setting rather than the whole class (Mills et al., 2013).  The goal was to model and 
promote collaborative discussion techniques and assist students in implementing these strategies in their collaborative 
robotics groups. 
 
The second intervention was assigning group roles within the project that rotated throughout the course of the project, 
giving all the group members equal opportunity to develop a variety of skills.  The roles consisted of a time manager, 
materials manager, project manager, and data manager.  The time manager assisted the group in monitoring the time 
they had available in comparison with the tasks to be accomplished for the class time.  The materials manager was 
responsible for gathering and maintaining the materials needed for the project, the robotics kit and other miscellaneous 
items.  The project manager was responsible for the big picture of the project and identifying tasks that needed to be 
accomplished for the completion of the project.  The data manager recorded any data and notes pertaining to the 
project.  The assigned roles with specific jobs, in addition to the scheduled rotations, were designed to promote a 
process for the equal distribution of work and the opportunity for all students to develop the skills from all the roles. 
Groups with only three students combined two of the roles.  It was controlled not to play the role in the assigned group 
role. 
 
The third intervention was the previous instructional practice. Two classrooms, one fourth and one fifth grade 
classroom, did not receive the structured classroom discussion nor utilize assigned group roles, but rather, continued 
with the previous instructional practice as outlined in Table 1.  Although the teacher/researcher did not bring in aspects 
from the first two interventions, aspects such as discussion and group roles could develop if occurring naturally  
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through student interaction. In addition, groups that were struggling received extra time from the teacher/researcher 
to help students identify challenges and potential solutions rather than implement interventions that were not 
appropriate for the group. 
 
Table 1.  Collaborative Robotics Learning Sequence 
Lesson  Activities 
1 Complete pretest, introduce challenge, students brainstorm problems to solve, and identify 
possible solutions to the problem the group chooses 
2 Groups receive robotics kits, inventory kits, continue developing problem and solution 
3 Begin designing and building robotic solution 
4 Continue designing and building robotic solution 
5 Continue designing and building robotic solution 
6 Begin programming and testing 
7 Continue testing and improving program and design 
8 Continue testing and improving program and design 
9 Continue testing and improving program and design, develop student generated evaluation 
rubrics 
10 Continue testing and improving program and design, finalize student generated evaluation 
rubrics 
11 Continue testing and improving program and design, begin preparing presentation 
12 Continue testing and improving program and design, continue preparing presentation 
13 Continue testing and improving program and design, finalize presentation 
14 Finalize and practice project demonstration and presentation 
15 Present and demonstrate robotic solution 
16 Wrap-up, students evaluate themselves and their fellow group members, complete posttests, 
inventory robotics kits. 
 
Students were given the basic criteria for the robotics project, brief reminders and potential tasks that needed to be 
accomplished for each class, and any questions were addressed. They were reminded to share the work equally, make 
sure all group members got equal turns building and programming the robot, and given reinforcements for these 
aspects as needed.  Not all students were able to program or build on the robot at the same time.  Therefore, these 
activities rotated through all group members in a method established by each group with the understanding that the 
time should be divided equally among the group members and everyone should work on the programming or building 
within each class time. It is possible, even likely, discussions and group roles took place in all student groups. 
However, the additional supports and scaffolds from the teacher/researcher were only provided in the appropriate 
intervention. 
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Measures 
 
Robotics Expo 2012 [Pre CEENbot] - Adapted 2015 Student Survey 
 
Students also completed the Robotics Expo 2012 [Pre CEENbot] (Grandgenett, Chen, & Timms, 2010) - Adapted 
2015 Student Survey before and after the robotics project to assess student learning motivation and collaborative 
problem solving. It consisted of 38 questions using a 5-point Likert Scale to have participants self-assess for 
collaborative problem solving and motivation. 
 
Sample survey question for collaborative problem solving: 
I am able to help my group to accomplish the task within the allocated time frame. 
 
Collaborative problem solving had 22 questions at 5 points each question for a possible full score of 110 points. 
Motivation had 16 questions at 5 points each question for a possible full score of 80 points. 
 
Sample survey question for learning motivation: 
It is important for me to learn how to conduct a scientific investigation. 
 
The same items were used twice for the pre and posttest as well. The items were shuffled to avoid possible memorized 
answers. The survey had a Cronbach alpha reliability coefficient of .94 (Grandgenett et al., 2010).  In the present 
study, the 22 questions for collaborative problem solving had a Cronbach alpha reliability coefficient of .87.  The 16 
questions for learning motivation had a Cronbach alpha reliability coefficient of .88. 
 
Fowler Science Process Skills Assessment 
 
The Fowler Science Process Skills Assessment (Fowler, 1990) was administered. This assessment consists of two sets 
of test: a pretest of Form A and a posttest of Form B. An administrator read the problem loud while students look at 
the paper. 
 
Sample Fowler Prompt for Science Process Skills: 
Today you are going to complete a short exercise to see how well you can design an experiment.  Look at 
your paper while I read the problem aloud: 
 
(Form A) Are earthworms attracted to light?  In other words, do earthworms like light? 
 
Tell how you would test this question.  Be as scientific as possible when you write about 
your test. 
 
Write down the steps you would take to find out if earthworms like light.  You may draw 
a picture of your experiment, but you still need to explain your experimental design in 
words. 
Students wrote down the steps and explained their experimental design for the given problem. Two teachers marked 
an answer sheet of one student. A score of 0 on an item indicated no evidence and a score of 3 indicated strong 
evidence. The mean of the two scores was used as the final score. It could range from 0 to 45 points. The validity and 
the reliability of the Fowler Science Process Skills Assessment as a measure of science process skills has been 
previously established (Callahan, Hunsaker, Adams, Moore, & Bland, 1995; Fowler, 1990; Mallozzi & Heilbronner, 
2013).  Furthermore, the intrarater reliability Pearson product-moment correlation coefficient of .89 for the pretest and 
.91 for the posttest was comparable to other science performance assessments (Callahan et al., 1995). 
 
Research Design 
 
Figure 1 illustrates the research design for this study.  Each of the experience levels have groupings for the three levels 
of intervention.  This creates a total of six groups of participants, Novice/Classroom Discussion, Novice/Assigned 
Group Roles, Novice/Usual Instructional Practices, Experienced/Classroom Discussion, Experienced/Assigned Group 
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Roles, and Experienced/Usual Instructional Practices. The Novice groups were the three fourth grade classes, while 
the Experienced groups were the three fifth grade classes. The elementary engineering teacher/researcher worked with 
all grade levels, classes, and groupings. 
 
Figure 1. Research Design. 
 
Statistical Analysis 
 
Data analysis was performed in SPSS 21 to determine answers to the main research questions.  In order to determine 
possible interactions, 2x3 ANCOVAs were used for both experience levels and the three interventions while 
controlling for students’ pretest scores.  The ANCOVA procedure was applied because three dependent variables – 
science process skills, collaborative problem solving, and learning motivation - were not correlated with one another 
in pre-test scores. The Pearson’s correlation coefficients for learning motivation and collaborative problem solving, 
for learning motivation and science process skills, and for collaborative problem solving and science process skills 
were .45, -.01, and .03 respectively. Pretest scores for science process skills, collaborative problem solving, and 
learning motivation were used as covariates.  Tukey HSD followed the results from the ANCOVAs to determine 
which differences were significantly different. 
 
Results 
 
Research Question 1 
 
Table 2 indicates the means of pre and post scores for three interventions by experience levels. Classroom Discussion 
had a pre mean score of 66.91 and a post mean score of 65.33.  Usual Instructional Practices had a pre mean score of 
67.51 and a post mean score of 65.25.  Only Assigned Group Roles indicated an increase in post mean scores, which 
was 1 point increase from 68.14 to 69.14.  When examining the scores by intervention condition and experience level, 
both Experienced Classroom Discussion and Usual Instructional Practices had greater than 4 point decrease.  
Therefore, only the intervention of Assigned Group roles in the Experienced students demonstrated an increase in the 
post score for motivation according to Table 2. 
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Table 2.  Condition Sizes, Means and Standard Deviations of Motivation Scores 
Experience 
Level 
Interventions N Pretest Posttest 
   Mean SD Mean SD 
Experienced Classroom Discussion 25 68.24 6.20 63.56 9.08 
 Assigned Group Roles 26 66.65 8.09 66.70 7.22 
 Usual Instructional Practices 25 66.84 8.86 61.93 9.89 
 Total 76 67.24 7.72 64.06 8.73 
Novice Classroom Discussion 28 65.57 6.06 67.10 6.48 
 Assigned Group Roles 27 69.63 7.35 71.57 7.00 
 Usual Instructional Practices 23 68.17 8.30 68.56 6.68 
 Total 78 67.79 7.24 69.08 6.72 
Total Classroom Discussion 53 66.91 6.13 65.33 7.78 
 Assigned Group Roles 53 68.14 7.72 69.14 7.11 
 Usual Instructional Practices 48 67.51 8.58 65.25 8.29 
 Total 154 67.52 7.48 66.57 7.73 
 
The means of the post survey for the Novice demonstrated over 1 point increase, while the Experienced demonstrated 
a decrease of more than 3 points.  In addition, the post mean score for the Novice (69.08) was more than five points 
higher than the Experienced (64.06).  The Novice Classroom Discussions and Assigned Group Roles for student 
learning motivation demonstrated increases for post mean scores.  Therefore, at the Novice level all three interventions 
produced a positive impact on student motivation as indicated in Table 2. 
 
In order to test the differences discovered in Table 2 for statistical significance, a 2x3 ANCOVA was applied with the 
pre motivation scores as covariate.  The ANCOVA indicated statistically significant main effects of the interventions 
for motivation after controlling for students’ pretest scores, F(2,135) = 5.24, p = .006, p < .05, as seen in Table 3.  The 
ANCOVA also indicated statistically significant main effects of the experience level after controlling for students’ 
pretest scores for motivation, F(1,135) = 24.97, p = .000, p < .05.  There was no interaction between intervention and 
experience level, F(2, 135) = .77, p = .463, p > .05. 
 
Table 3.  ANCOVA for Post Total Motivation 
Source Type III Sum  
of Squares 
df Mean Square F Sig. 
Corrected Model 3744.17a 6 624.03 13.03 .000 
Intercept 1714.65 1 1714.65 35.81 .000 
Pre Total Motivation 1704.56 1 1704.56 35.60 .000 
Interventions 502.02 2 251.01 5.24 .006 
Experience Level 1195.42 1 1195.42 24.97 .000 
Interventions * Experience Level 74.15 2 37.07 .77 .463 
Error 6464.12 135 47.88   
Total 642431.00 142    
Corrected Total 10208.29 141    
a. R Squared = .367 (Adjusted R Squared = .339)  
 
In examining the motivation levels by intervention and experience level, it can be concluded that there is a statistically 
significant main effect for the interventions and experience levels. Tukey HSD post hoc analysis in Table 4 indicated 
that the mean motivation score for Assigned Group Roles were statistically different in motivation, p = .011, p < .05 
than Classroom Discussion and Usual Instructional Practices, p = .004, p< .05.  Taken together, these results indicate 
that the use of Assigned Group Roles had an effect on student motivation.  Specifically, students in Assigned Group 
Roles had higher post mean motivation scores when controlling for students’ pre motivation scores than the students 
in Usual Instructional Practices with a mean difference of 4.27 and Classroom Discussion with a mean difference of 
3.65. 
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Table 4.  Post Hoc Test for Post Total Motivation 
(I) Intervention (J) Intervention Mean 
Difference  
(I-J) 
Std. Error Sig.b 95% Confidence Interval 
for Differenceb 
Lower 
Bound 
Upper 
Bound 
Classroom 
Discussion 
Assigned Group Roles -3.65* 1.408 .011 -6.430 -.860 
Usual Instructional Practices .62 1.445 .668 -2.237 3.477 
Assigned Group 
Roles 
Classroom Discussion 3.65* 1.408 .011 .860 6.430 
Usual Instructional Practices 4.27* 1.442 .004 1.414 7.116 
Usual 
Instructional 
Practices 
Classroom Discussion -.62 1.445 .668 -3.477 2.237 
Assigned Group Roles -4.27* 1.442 .004 -7.116 -1.414 
Based on estimated marginal means 
*. The mean difference is significant at the .05 level. 
b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
 
Research Question 2 
 
Table 5 indicates the mean pre and posttest scores for collaborative problem solving. Table 5 identifies Classroom 
Discussion and Assigned Group Roles as having a positive effect with increased post mean scores.  Classroom 
Discussion increased from 89.60 to 90.32 while Assigned Group Roles increased from 92.29 to 93.07.  Though these 
increases are less than 1 point, Usual Instructional Practices demonstrated a decrease of over 2 points from 92.61 to 
89.35.  Experienced Classroom Discussion, Novice Classroom Discussion, and Novice Assigned Group Roles 
demonstrated a positive impact on collaborative problem solving.  The increase is greatest for Novice Assigned Group 
Roles.  Experienced Assigned Group Roles was less than .1 point of a decrease.  Experienced Usual Instructional 
Practices experienced the largest decrease with 5.68 points difference between the pre and post mean scores for 
collaborative problem solving. 
 
The post mean scores for the Novice demonstrated a slight increase for collaborative problem solving from 92.81 to 
93.32.  The post mean scores for the Experienced indicated a decrease from 90.18 to 88.50.  The Experienced only 
had positive impact for Classroom Discussion while the Novice had positive impact for both Classroom Discussion 
and Assigned Group Roles. 
 
Table 5.  Condition Sizes, Means and Standard Deviations of Collaborative Problem Solving Scores 
Experience 
Level 
Interventions N Pretest Posttest 
   Mean SD Mean SD 
Experienced Classroom Discussion 25 89.36 8.78 90.08 8.82 
 Assigned Group Roles 26 90.62 9.68 90.54 6.65 
 Usual Instructional Practices 27 90.57 9.10 84.89 9.98 
 Total 78 90.18 9.19 88.50 8.48 
Novice Classroom Discussion 29 89.83 7.73 90.57 8.49 
 Assigned Group Roles 26 93.96 10.51 95.59 8.60 
 Usual Instructional Practices 25 94.65 9.44 93.80 8.60 
 Total 80 92.81 9.23 93.32 8.56 
Total Classroom Discussion 54 89.60 8.26 90.32 8.66 
 Assigned Group Roles 52 92.29 10.10 93.07 7.63 
 Usual Instructional Practices 52 92.61 9.27 89.35 9.29 
 Total 158 91.50 9.201 90.91 8.53 
 
In order to test these differences statistically, a 2x3 ANCOVA was applied with the pre collaborative problem solving 
scores as covariate.  The ANCOVA indicated statistically significant main effects of interventions after controlling 
for students’ pretest scores for collaborative problem solving, F(2,140) = 5.09, p = .007, p < .05, as seen in Table 6.   
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The ANCOVA also indicated statistically significant main effects of the experience levels after controlling for 
students’ pretest scores for collaborative problem solving, F(2,140) = 18.51, p = .000, p < .05.  There was no 
statistically significant interaction between intervention and experience level, F(2, 140) = 2.35, p = .099, p > .05. 
 
Table 6.  ANCOVA for Post Total Collaborative Problem Solving 
Source Type III Sum of 
Squares 
df Mean 
Square 
F Sig. 
Corrected Model 4835.97a 6 805.99 17.49 .000 
Intercept 3032.65 1 3032.65 65.81 .000 
Pre Total Collaborative Problem Solving 2803.29 1 2803.29 60.83 .000 
Interventions 469.09 2 234.55 5.09 .007 
Experience Level 852.93 1 852.93 18.51 .000 
Interventions * Experience Level 216.24 2 108.12 2.35 .099 
Error 6451.93 140 46.09   
Total 1227867.00 147    
Corrected Total 11287.89 146    
a. R Squared = .428 (Adjusted R Squared = .404) 
 
Examining the collaborative problem solving levels by intervention and experience level, it can be concluded that 
there is a statistically significant main effect for the interventions and experience level.  A post hoc analysis for the 
three interventions using Tukey HSD was performed to determine which differences were statistically significant. 
Table 7 indicate that the mean collaborative problem solving score for Assigned Group Roles were statistically 
different than Usual Instructional Practices, p = .014, p < .05.  Taken together, these results indicate that the use of 
Assigned Group Roles has an effect on collaborative problem solving.  Specifically, students in Assigned Group Roles 
had higher post mean collaborative problem solving scores when controlling for students’ pre collaborative problem 
solving scores than students in both Classroom Discussion with a mean difference of 2.08 and Usual Instructional 
Practices with a mean difference of 3.98.  However, there was only a statistically significant difference between 
Assigned Group Roles and Usual Instructional Practices. 
 
Table 7.  Post Hoc Test for Post Total Collaborative Problem Solving 
(I) Interventions (J) Interventions Mean 
Difference 
(I-J) 
Std. Error Sig.b 95% Confidence 
Interval for Differenceb
Lower 
Bound 
Upper 
Bound 
Classroom 
Discussion 
Assigned Group Roles -2.06 1.53 .182 -5.09 .97 
Usual Instructional Practices 1.92 1.57 .223 -1.19 5.03 
Assigned Group 
Roles 
Classroom Discussion 2.06 1.53 .182 -.97 5.09 
Usual Instructional Practices 3.98* 1.60 .014 .81 7.15 
Usual Instructional 
Practices 
Classroom Discussion -1.92 1.57 .223 -5.03 1.19 
Assigned Group Roles -3.98* 1.60 .014 -7.15 -.81 
Based on estimated marginal means 
*. The mean difference is significant at the .05 level. 
b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
 
Research Question 3 
 
Table 9 indicates that all interventions for all the experience levels had increases in the post mean scores for science 
process skills with relation to the pre mean scores.  However, higher gains were seen within the Novice with all the 
post mean scores showing an increase of at least 1 point from 1.68 to 2.78.  Assigned Group Roles also demonstrated 
an increase in post mean scores for science process skills from 2.35 to 3.45. 
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Table 8.  Condition Sizes, Means and Standard Deviations of Science Process Skills Scores 
Experience 
Level 
Interventions N Pretest Posttest 
   Mean SD Mean SD 
Experienced Classroom Discussion 26 2.12 1.28 2.89 1.67 
 Assigned Group Roles 29 3.21 1.74 4.17 1.49 
 Usual Instructional Practices 28 2.71 1.70 3.00 1.46 
 Total 83 2.68 1.57 3.35 1.54 
Novice Classroom Discussion 31 1.77 1.06 2.79 1.29 
 Assigned Group Roles 31 1.48 1.03 2.72 1.33 
 Usual Instructional Practices 30 1.80 1.42 2.83 1.29 
 Total 92 1.68 1.17 2.78 1.30 
Total Classroom Discussion 57 1.95 1.17 2.84 1.48 
 Assigned Group Roles 60 2.35 1.39 3.45 1.41 
 Usual Instructional Practices 58 2.26 1.56 2.92 1.38 
 Total 175 2.19 1.37 3.07 1.42 
 
In order to test these differences statistically, a 2x3 ANCOVA was applied with pre science process skills score as the 
covariate.  The ANCOVA indicated no statistically significant main effects of interventions after controlling for 
students’ pretest scores for science process skills, F(2,168) = 2.23, p = .11, p > .05, as seen in Table 9.  The ANCOVA 
also indicated no statistically significant main effects of the experience levels after controlling for students’ pre science 
process skills scores, F(2,168) = .248, p = .619, p > .05.  There was no statistically significant interaction between 
intervention and experience level, F(2, 168) = 2.16, p = .119, p > .05. 
 
Table 9.  ANCOVA for Post Total Science Process Skills 
Source Type III Sum 
of Squares 
df Mean Square F Sig. 
Corrected Model 120.71a 6 20.12 12.49 .000 
Intercept 199.64 1 199.64 123.89 .000 
Pre Total Scientific Process Skills 75.55 1 75.55 46.88 .000 
Interventions 7.19 2 3.60 2.23 .111 
Experience Level .40 1 .40 .25 .619 
Interventions * Experience Level 6.95 2 3.48 2.16 .119 
Error 270.72 168 1.61   
Total 2027.00 175    
Corrected Total 391.43 174    
a. R Squared = .308 (Adjusted R Squared = .284) 
 
Discussion 
 
The findings for the collaborative robotics project demonstrated that Assigned Group Roles with an increase produced 
statistically significant positive effects on measured student motivation in relation to Classroom Discussion and Usual 
Instructional Practices, which both demonstrated decreases from pre to post mean scores. Only Assigned Group Roles 
produced statistically significant positive effects on measured collaborative problem solving in relation to Usual 
Instructional Practices.  The Novice experience level was associated with statistically significant positive effects on 
measured student motivation and collaborative problem solving in relation to the Experienced level.  All interventions 
demonstrated positive effects on science process skills, but not at a statistically significant level. 
 
The Assigned Group Roles intervention included teacher reinforcement and a document outlining each role, Time 
Manager, Materials Manager, Project Manager, and Data Manager, as well as detailed job responsibilities.  In the 
present study, the roles were also designed to balance quiet and dominant group members, as encouraged by Somyürek 
(2014).  Rotating the roles weekly was established to further promote equal distribution of the work responsibilities. 
The rotation of the roles provided each student in the group to experience the different roles rather than remaining in 
a single role the entire project. This may have helped students develop empathy and understanding of the various 
roles, as well as, an understanding of their own strengths and weaknesses. The study’s positive results support Yuen 
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et al.’s (2014) emphasis of structure during collaborative group work.  The four roles included some responsibilities 
that were the same, such as researching, designing, building, and programming.  In addition to each role having 
identical responsibilities, each role had unique responsibilities created to develop and promote collaboration between 
the four roles.  The division and sharing of job responsibilities created structure for the Assigned Group Roles that 
supports Eguchi (2012) and Mills et al. (2013) recommendations for collaborative robotics work.  The roles were 
developed for educational purposes to develop a wide range of skills in each student.  Students were required to work 
on all areas of the collaborative robotics project rather than focusing solely on one area or on any areas of strength 
they may have had.  While this use of group roles is contrary to Yuen et al. (2014) recommendations of focusing on 
students’ areas of strength, the roles are used to promote new skills, as well as, developing existing areas of strength.  
Yuen et al. (2014) addressed collaborative robotics in an informal educational setting and had different instructional 
purposes for group roles.  Furthermore, the rotation of the roles may have increased motivation because students did 
not become complacent in one role and created a stronger support for collaborative problem solving. The positive 
results indicate that structure of the roles provided the necessary support and scaffold to meet the needs of the 
classroom setting while developing motivation and collaborative problem solving. 
 
The Novice experience level was associated with a clear positive effect on motivation and collaborative problem 
solving.  Interestingly, research with experience levels in robotics suggests that the Novice students would have needed 
more supports than more experienced robotics students in order to recognize the same benefits (Eguchi, 2012), and 
yet, the Novice demonstrated more positive effects. Though the positive effects for the Novice was less significant, 
the Experienced had a decrease.  Perhaps the novelty of the collaborative robotics project could be responsible for 
higher post mean motivation scores.  However, it is difficult to identify potential reasons for the differences in post 
mean collaborative problem solving scores.  Post mean scores for collaborative problem solving should have been 
higher for the Experienced, and yet the Experienced students showed a decrease in post mean scores while the Novice 
students had a slight increase.  Perhaps additional supports and interventions need to be identified to continue the 
growth of these skills for Experienced students.  In addition, students had to self-evaluate on the Robotics Expo 2012 
[Pre CEENbot] - Adapted 2015 Student Survey measure. Students with experience with collaborative robotics projects 
may have overestimated their ability to complete the task in groups and had more realistic understanding during the 
post evaluation. 
 
The lack of any statistically significant difference in post mean scores for science process skills for interventions and 
experience level may be due to the overall low scores.  With the potential for a total of 45, student scores ranged from 
0 to 9.  The low scores may not have allowed for large enough difference to successfully identify a statistical difference 
between the interventions.  The Fowler Science Process Skills assessment was designed for middle school students.  
While some middle schools include fifth grade students, the instrument may not have been the most appropriate 
measure for students in fourth and fifth grades.  The potential issue with the instrument appropriateness may have 
made it difficult to identify effects of the interventions or experience levels. 
 
Conclusion 
 
While the general method of instruction for collaborative robotics projects had promoted student benefits, there was 
a need to evaluate the general method of instruction and determine if collaborative interventions could improve student 
outcomes.  Additionally, with students using a form of robotics as early as first grade and the Mindstorms as early as 
third grade, understanding how to support the developing experience levels is critical for on-going robotics instruction 
and development of an appropriate scope and sequence. 
 
The results indicate that the Assigned Group Roles had a positive effect on student motivation and collaborative 
problem solving.  While Assigned Group Roles had not been previously used in the elementary engineering classroom 
for previous projects, it will be used in future instruction and adapted for use with other collaborative projects.  Not 
all groups used the roles as effectively, and some still struggled with the challenge of sharing the work and staying on 
task. However, the structure offered with the Assigned Group Roles seemed to provide students with appropriate 
guidance to stay on task if desired. Furthermore, the structure provided the teacher with appropriate guidance to assist 
students who may have been off task with a simple means of redirection. In the present study, Assigned Group Roles 
was the only intervention that had printed guidelines for students to keep in their Engineering Notebooks.  Perhaps a 
printed guideline for classroom discussions could be included in the intervention to offer appropriate sentence starters, 
questions, and reminders about classroom interaction expectations in order to better support that collaboration strategy. 
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Robotics experience level also played an important part in student motivation and collaborative problem solving.  The 
status of Novice was associated with positive effects and consistently outperformed the status of Experienced.  
Understanding the supports needed for the varying experience levels is important in order to implement the appropriate 
instructional practices.  It appears that additional supports are necessary for the Experienced students in order for them 
to continue to make gains in learning motivation and collaborative problem solving.  Post mean motivations scores 
only showed an increase in the Experienced for Assigned Group Roles, and the increase was minimal.  Only Classroom 
Discussion from the Experienced had increased post mean scores for collaborative problem solving; however, not at 
a significant level. Overall additional investigation into supports for Experienced students is warranted. 
 
The identification of successful collaboration intervention for collaborative robotics projects fills a practical and 
growing need for robotics integration into the educational setting.  In fact, the relevance of the study to student learning 
also added to the rigor (Reeves, 2011).  This study was relevant to teaching, learning, and educational outcomes, as it 
addresses the educational needs of learners, practitioners, designers, and society by promoting collaborative problem 
solving skills and learning motivation (Reeves, 2011).  Furthermore, the study has the potential to provide instructional 
insights for various problem-based collaborative environments. 
 
The study was conducted in an authentic contextual setting to determine how best to support collaborative robotics 
projects.  Additional studies could be conducted to determine how to develop classroom discussions to produce a more 
consistent benefit to students.  Using claims, evidence, and reasoning in discussions to construct explanations may 
support the collaborative nature of the robotics project by reducing the potential for personal opinion to enter the 
discussions.  Furthermore, the claims, evidence, and reasoning discussion format supports the systematic scientific 
approach desired for scientific process skills. Further research could also be conducted to improve upon the Assigned 
Group Roles. Perhaps it would be possible to improve the size of the increase in post mean scores by combining the 
two interventions.  Future research has the potential to benefit not only robotics instruction, but collaborative learning 
as well. 
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